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Nine  coatings  were  evaluated  for  corrosion 
protection  of  carbon  steel  coupons  and  1-beams 
around  Duluth  Superior  Harbor  after  46  and 35 
months ,  respectively.  Coupons  were  hitcntionally 
scribed  to  metal  before  exposure.  Part  1  of  this 
article  describes  the  coatings  tised and  the  locations 
oj  coupons  and  I-beams.  Part  2,  to  be  published  in 
the  October  2012  issue  of  MP,  will  discuss  the 

results  of  the  evaluation. 


ixteeni  mite*  (26  km)  nlVarlxin  steel 
(CS)  hlicci  piling  [  1 2-inm  iliick 
A328'  cold  rolled:  used  lor  dock*, 
bridge*,  and  bulkheads  in  the 
Dnlntli  Superior  Harbor  (DSHj  in  Min¬ 
nesota  and  Wisconsin  arc  corroding  at  an 
wrrlrniirrl  raic  of  1  mnt/y  nr  higher 
filings  30  years  old  ur  older  arc  riddled 
with  dirough-wall  pitting  (Figures  1(a) 
and  P>|). 

‘Hie  corroded  pilings  have  an  orange, 
rusts  appearance  characterised  by  m- 
Itrrrlc*  ci.c.,  corrosion  products  and  dc- 
|Xisits  covering  aints  of  lextdized  com>- 
sion  (Figures  2;a)  and  (bl):. 

Divcut  rc|>nricd  that  tubercles  were 
randomly  disiribnted  from  the  waterline 
10-^3  m  below  the  surface.  Tubercle* 
varied  in  diameter  from  a  few  millimeter* 
to  several  cciilicticlcns  and  when  re¬ 
moved.  large  and  ofirn  deep  pits  wrrr 
exposed.  Divers  also  irporud  dial  the 
at  inched  7.chrn  nnisscJ  [f)rrs*n\a  palywar 
jdia)  imputation  whs  dense  and  few  tulxir- 
eles  were  observed  below  3  m.  /ehra 
mussels  a r*  small,  lingvnuiil-si/cd  musse  ls 
native  to  the  Caspian  Sen.  Thry  wrrr  (irsi 
olwrvediu  laikc  St.  Clair,  Minnesota  in 
10811  and  have  .since  spread  10  all  of  the 
Great  Utkr*. 

1)SI1.  located  at  ihe  extreme  wTsicm 
cud  of  Like  Superior,  is  41  livsli  water 
harbor  with  mg/1,  concentrations  of 
sulfate  (SC),1'.  DSH  is  jxilvniilie  (i.e.. 
seiche*  or  free-standing  wave  oscillation* 
arc  almost  always  present,  suspending 
particulates  into  the  water  column).  081 1 
is  ieclxmiul  from  11  lid- December  to  mid- 
April  and  during  dial  lime  has  a  durable, 
well-defined  ic  e  c  over  DSH  ex]>erieiiees 
freeze  ice  ihieknesscs  that  range  front  0.5 
to  1. 1*  m,  as  well  us  snow  ice.  stack  ice. 
and  ire  from  wave  and  splash  action 
along  liarlxir  walls. 

Rav.  ei  al.**  reported  that  n  combina¬ 
tion  of  biological,  rhmiinil,  and  physical 
events  contributed  to  the  coirririon  of  CS 
pilings  in  DSII.  Dense  deposits  of  iron- 
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C a)  Cb) 

Corrosion  of  pilings  In  DSH  Photos  courtesy  of  Gene  Clark, 
Wisconsin  Sea  Grant  Program. 


(a)  Wet  corrosion  tubercles  and  (b)  dry  corrosion  tubercles  on 
pilings  in  DSH. 


FIGURE  3 
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CS  coupons  in  a  sample  tray  at  DSH. 


NACE  International.  Vol.  SI.  No  9 


StpkmbnZOrj  MATERIALS  PERFORMANCE  49 


’  n 


( 'oalii iv  Perfomuma  hi  Duluth  SujHrior  Harbor  Purl  J 


i  J 


oxidizing  bacteria  produced  tubercles, 
creating  conditions  for  On  precipitation 
uit  CS  surfaces.  Ice  scoring  disrupt ed  the 
ttilyn  lrs  and  exposed  localized  areas  of 
Cu-euwred  CS  to  uxygvu  (02).  ‘Hie  n> 
« thing  galvanic  cell  produced  aggressive 
localized  corrosion.  Barrier  coatings 
provide  one  option  lor  protection  of 
extrusive  structure*  in  liesli  water.  Al 
Bciiclman  (mired),  former  director  of  the 
Bicim  Ted  mu  logy  Center  at  the  C.S. 
Construction  engineering  Research 
Laboratory  |CERLi  {Champaign.  Illi¬ 
nois:.  selected  the  following  coalings  for 
this  evaluation  (ImvaRer  rdenvd  to  In 
their  corresponding  numbers): 

1  Aqua  pure  HR1 

2  Chevron  Phillips  17.0013 

3  Coal  tar  epoxy 

4  Humidor  ML* 


Tray  Number  5 
Location:  CGB-1 
Slot 

Sample 

Designation 

Product 

Product  Chemistry 

G  Waver MC-ztite/MC-Utr 

G  Sherwin-Williams  l;asi  Had  P.R* 

7  Slierwiii-WlHiiims Slier glass epoxy 1 

1 

CGB-1-01 

Bare  steel 

8  Standard  epoxy 

2 

CGB102 

Bare  steel 

9  Zinc- rich  printer  N7108/V7G6 

3 

4 

CGB-1 -03 

CGB-1 -04 

Bare  steel 

Bore  steel 

Methods  and  Materials 

5 

CGB-1  -05 

1 

WNte  two-part  solvent* 

Divert  from  AMI  Consulting  Engi¬ 

6 

CGB-1 -06 

6 

Incc  pdyominc  epoxy 
White  epoxy  amine 

neers  (Suptrior,  Wisconsin)  installed  tray* 
for  coupons  and  I-lx*ams.  F.ight  sample 

7 

CGB-1 -07 

7 

(one  coat) 

Black  glass  Rake 

trays  containing right  L5by  7.3  by  1.2-iti 

1 1  14  by  190  by  30-nim)  thick  A328  Meel 

8 

CGB-1 -08 

4 

reinforced  epoxy 

Grocn  two-part 

sample  coupons  per  tray  (Figure  3;  were 
papa  red. 

Tray  Number  6 
Location:  CGC-1 
Slot 

Sample 

Designation 

Product 

poiyominc  epoxy 

Product  Chemistry 

Each  sample  tray  contained  lour 
coated  and  four  uiKoatcd  steel  coupons. 
A  report'  prepared  lor  the  L.S.  Army 
Corps  of  Kngiiiccm  pius  ido  details  abnui 

1 

CGC-1-01 

Bate  sted 

tray  and  coupon  installation.  Trays  and 

2 

CGC-1 -02 

Bare  steel 

coupons  were  installed  on  November  7, 

3 

CGC-1-03 

Bore  sted 

8,  and  1 3. 2007.  Qxijxifis  wen*  retrieved 

4 

5 

CGC-1  -04 

CGC-1 -05 

Bare  sted 

4 

Green  two-part 
poiyomine  epoxy 

from  two  locations,  L'.S.  Coast  Guard 
Crll  ])  (C *< »1l- 1  *  and  U.S  Coast  Guard 
Cell  C  •' CGC-1 )  (Figure  4;  mi  ScpicmlxT 

6 

CGC-1 -06 

5 

Red  urethane  micocoous 
iron  oxkJcsAufincd  coal 
tar 

20.  2011,  Table  1  presents  coupon  coat¬ 
ing  descriptions. 

Trays  designed  m  mntniii  I-beams, 

7 

CGC107 

9 

Blue/grey  fine  primer/ 
vinyl  copolymers 

(i  In  7  1  /4  by  30  in  <132  by  1H+  by  914 
nini.t  were  prepared  {Figure  3)  and  in¬ 

8 

CGC-1 -08 

1 

White  two-part  solvent- 
free  polyamine  epoxy 

stalled  al  die  Duluth  Seaway  l\iri  Au- 

Troclr  luimr. 

DSH  sample  locations,  CGB-1 .  CGC-1  (coupons),  and  the  Duluth  Seaway  Port 
Authority  Facility  (I-beams). 


TABLE  1 

Coupon  coating  descriptions 
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thority  Facility  (Figurr  4)  in  September 
20011.  Tnhlr  2  pmvirlr*  I -I  cam  rollings 
ik‘srri|)ti«im. 

T-heainx  were  retrieved  from  ihc 
urigiiuil  locuiion  ill  tlu*  Duluili  Scuwuy 
Port  Amhoriiy  Facility  in  late  August 
2010  and  submerged  in  plaMie  bartrls  for 
<mtside  storage  llimngli  erne  more  winter. 
I  hr\  wrir  sent  to  the  U.S.  Nava!  Rc- 
xenreh  1.nhornmr\  at  Stennii  Spare 
C.*nin-rtMis>iijv>ippii  in  OvUiIxt  2011. 

Summary 

\  romhinaiion  nfbiolngieal,  chemical, 
and  physical  events  lime  aiulribtiied  m 
jwerlernied  rnrrrwinn  of  Ifi  mile*  of  CIS 
slurl  piling  in  l)SH.  A  serkm  of  coaling 
were  tested  on  CS  coupons  and  l-boaim 
in  evaluate  their  c  licet  i\  mess  in  prevent¬ 
ing  the  localized  eorrovion.  Pan  2  of  this 
ankle,  io  In:  published  in  OctnlxT  2012 
will  detail  the  re*nlu  of  the  eteittngx 
evaluation. 
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TABLE  2 

M»»iw  cooling  descriptions 
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10 

2 

11 
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12 
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13 
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White  two-part  solvent-free  po  yamme  epoxy 

Light  green/white  two-part  epoxy 

Grey  two-port  cool  tar  polyamide  epoxy 

Green  two-port  polyominc  epoxy 

Red  urethane  micaceous  Iron  oxides  and 
iefmed  coal  la* 

White  amine  epoxy  (one  coat) 

Black  glass  flake  reinforced  epoxy 
Black  two  part  pdyamido  cpoxy/ztnc  pnmer 
Blue/grey  7inc  primer/vinyl  copolymer 
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About  the  Cover 

The  Beachskie  Corrosion  Test  Site  at 
NASA’s  John  F.  Kennedy  Space  Center 
(KSC)  Beachside  Atmospheric  Corrosion 
Test  Facility  Includes  600  ft  (1B3  m)  of 
test  racks  located  100  ft  <30  m)  from  the 
Atlantic  Ocean  and  mile  (1.6  km)  from 
KSC’s  rocket  launch  sites.  The  NASA 
Corrosion  Technology  Laboratory  at  KSC 
launched  a  study  of  corrosion  exposure 
testing  to  determine  If  a  correlation  could 
foe  made  between  marine  atmospheric 
exposure  tests  end  accelerated  corrosion 
tests.  See  the  feature  article  on  p.  28. 
Photo  courtesy  of  NASA. 
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